We compared the clinical efficacy of orally administered valdecoxib and piroxicam for the prevention of pain, trismus and swelling after removal of horizontally and totally intrabony impacted lower third molars. Twenty-five patients were scheduled to undergo removal of symmetrically positioned lower third molars in two separate appointments. Valdecoxib (40 mg) or piroxicam (20 mg) was administered in a double-blind, randomized and crossed manner for 4 days after the surgical procedures. Objective and subjective parameters were recorded for comparison of postoperative courses. Both agents were effective for postoperative pain relief (N = 19). There was a similar mouth opening at suture removal compared with the preoperative values (86.14 ± 4.36 and 93.12 ± 3.70% of the initial measure for valdecoxib and piroxicam, respectively; ANOVA). There was no significant difference regarding the total amount of rescue medication taken by the patients treated with valdecoxib or piroxicam (173.08 ± 91.21 and 461.54 ± 199.85 mg, respectively; Wilcoxon test). There were no significant differences concerning the swelling observed on the second postoperative day compared to baseline measures (6.15 ± 1.84 and 8.46 ± 2.04 mm for valdecoxib and piroxicam, respectively; ANOVA) or on the seventh postoperative day (1.69 ± 1.61 and 2.23 ± 2.09 mm for valdecoxib and piroxicam, respectively; ANOVA). The cyclooxygenase-2 selective inhibitor valdecoxib is as effective as the non-selective cyclooxygenase inhibitor piroxicam for pain, trismus and swelling control after removal of horizontally and totally intrabony impacted lower third molars.
Introduction
Pain as a consequence of lower third molar surgeries has been extensively studied and, therefore, has become a model for the evaluation of the efficacy of many therapeutic approaches in clinical pharmacology. Frequently, this is a short-lasting and moderate pain, reaching its maximum intensity within a short period of time after the end of surgery, and, in most cases, patients require some kind of analgesic to treat it (1) . Besides pain, swelling and mouth opening limitation associated with the inflammatory response are also undesirable consequences for patients who undergo surgical interventions in the oral cavity (2) .
Several non-steroidal anti-inflammatory drugs (NSAIDS) have been used for pain, trismus and swelling control after lower third molar surgeries (2) (3) (4) (5) (6) . The therapeutic effect of these medications is based on the inhibition of cyclooxygenases (COX), which determines an inhibition of prostaglandin production (7) . However, their use has been associated with a large number of adverse effects, including gastrointestinal ulceration and bleeding, inhibition of platelet aggregation, and alterations in renal function (7) (8) (9) .
Three COX isoforms are known: COX-1, a constitutive form expressed in almost all tissues, COX-2, which is predominantly induced and constitutively expressed in a limited number of tissues (renal medulla, prostate, brain, and endothelium) (7, 10, 11) , and COX-3, a COX-1-derived protein, most abundantly found in the cerebral cortex and heart (12) . COX-2 is believed to be the main isoenzyme for pro-inflammatory prostaglandin production (7) . Thus, despite their high cost, COX-2 selective inhibitors such as coxibs have been extensively used in order to selectively inhibit COX-2, but not COX-1, resulting in therapeutic effects comparable with those of conventional NSAIDS, but with less adverse reactions for patients (7, 13) . It is worth mentioning that recent reports have suggested an increased risk of cardiovascular events for patients taking coxibs. Therefore, clinicians must consider the efficacy, gastrointestinal and cardiovascular risks, concomitant medications and costs when determining the appropriateness of COX-2 selective NSAID therapy (14) (15) (16) (17) (18) (19) .
Among the NSAIDS used in dentistry, piroxicam, a non-selective COX inhibitor, has been extensively studied (20) (21) (22) (23) (24) . In contrast, there are only seven reports in the dental literature concerning the clinical use of valdecoxib, a COX-2 selective inhibitor, for postoperative pain control in patients who undergo dental surgeries (13, (25) (26) (27) (28) (29) (30) . In these studies, either different doses of valdecoxib or its injectable prodrug parecoxib were tested (9, 16, 17, 19) or a comparison with rofecoxib, another COX-2 selective inhibitor, was performed (25, 28, 30) . Additionally, only one study compared valdecoxib with a traditional non-selective NSAID (ketorolac), with both agents being parenterally administered (29) . To date, no study has compared oral valdecoxib with an orally administered nonselective COX inhibitor. Like valdecoxib, piroxicam is a long-acting NSAID. Due to their similar pharmacokinetic characteristics, both drugs can be administered once daily. Therefore, piroxicam is a suitable drug to be compared with valdecoxib.
Hence, the aim of the present study was to compare the clinical efficacy of orally administered valdecoxib and piroxicam for postoperative pain, trismus and swelling control in lower third molar removal. For this purpose, the experimental model of surgical removal of symmetrically positioned lower third molars was used (4-6).
Material and Methods
The Ethics Committee of our institution approved the protocol of this study (process #104/2004). All patients provided written informed consent during the pretreatment screening period before any study procedures were performed.
The study population comprised 25 patients aged 18 years or over, with two horizontally and totally intrabony impacted lower third molars, as observed in panoramic radiographies. Eligibility criteria included absence of systemic illness and inflammation or infection at the extraction sites. Exclusion criteria were any history of allergic reaction to local anesthetics, gastrointestinal bleeding or ulceration, cardiovascular and kidney diseases, and allergy to aspirin, piroxicam or any other NSAID. Pregnant women were also excluded from the study. Instructions for not using antidepressants, diuretics or aspirin during the days preceding the surgeries were given to the patients, since these drugs could cause hemorrhage or other blood problems, thus interfering with the results of the investigation (5).
This was a double-blind study, that is, neither the surgeon nor the patients were aware of the anti-inflammatory agent (valdecoxib or piroxicam) being prescribed postoperatively at the two different appointments. Each patient required surgical treatment with the same magnitude of trauma (bone removal and tooth sectioning) on opposite sides of the mandibular jaw, which was performed during two visits 1 to 2 months apart (4-6,31). For postoperative pain relief, in the first appointment, the patients randomly received either valdecoxib or piroxicam. In the second appointment, the NSAID not used previously was then administered in a crossed manner. The same surgeon performed all surgeries and postoperative controls. The patients received a regional anesthetic blockade of buccal, lingual and inferior alveolar nerves with 1.8 mL 4% articaine with 1:100,000 adrenaline (5, 6) . When anesthesia of the lower lip was achieved, an additional 0.9 mL of the same anesthetic was infiltrated into the mucosa in order to guarantee hemostasis and anesthesia at the site (5, 6) . The removal of third molars followed a standard surgical technique. Upon completion of the surgeries, the surgical sites were thoroughly irrigated, suctioned, and sutured. Patients remained in the clinic for the first postoperative hour.
The NSAID administration protocol was 40 mg valdecoxib and 20 mg piroxicam once daily for 4 days. Rescue analgesic medication was available to any patient as needed throughout the study; for this purpose, 750 mg paracetamol was provided to all patients (5, 6) . Patients recorded the date and time when rescue medication was taken. They were also instructed not to interrupt the use of the anti-inflammatory, even if they had taken rescue analgesic medication.
The following parameters were assessed: duration of the surgery after anesthetic administration (in minutes), which corresponded to the period between the first incision and the last suture (2,5,6); subjective postoperative pain evaluation with the aid of a 100-mm length visual analogue scale, with 0 corresponding to "no pain" and 100 corresponding to "worst pain imaginable" (5, 6, 13) ; subjects recorded the intensity of postoperative pain at 15-min intervals for the first 60 postoperative minutes, and 1.5, 2, 3, 4, 5, 6, 7, 8, 10, 12, 16, 24 (6,13,25) , 48, 72, and 96 h (6) after the end of surgery; mouth opening (distance, in mm, between the mesial-incisal corners of the upper and lower right central incisors at maximum opening of the jaws) before surgery and at the time of suture removal (7 days postoperatively); the postoperative ability to open the mouth was expressed as a percentage of the preoperative measure (2,5,6); incidence, type and severity of adverse reactions (gastrointestinal irritation, nausea, vomiting, bleeding, allergy, headache, dizziness, sleepiness, and any other kinds of reaction) (5,6,13); total amount of rescue analgesic medication (paracetamol, in mg) needed during the postoperative period, and facial swelling determined by a tape-measuring method on the 2nd and 7th postoperative days (2) . This method takes V. Benetello et al.
www.bjournal.com.br into account the sum of the following measures: distance between the lateral corner of the eye and angle of the mandible, distance between tragus and outer corner of the mouth, and distance between tragus and soft tissue pogonion. The preoperative sum of the 3 measurements was considered as the baseline for that side. The difference between each postoperative measurement and the baseline indicated the facial swelling for that day.
The paired t-test was used to compare the duration of the surgeries. The nonparametric Wilcoxon test was employed to assess the parameters "rescue analgesic medication" and "postoperative pain". Data regarding "mouth opening" and "facial swelling" were submitted to statistical analysis using twoway ANOVA followed by the Tukey test for multiple comparisons. Statistical significance was established at 5%. Data are reported as means ± SEM.
Results
Initially, 25 patients were operated. All of them returned to the clinic on the 7th postoperative day for suture removal after the first surgical procedure. The patients brought the data of subjective pain evaluation during the postoperative period, and the date and time when rescue medication was taken. Nineteen patients (9 males and 10 females; mean age 20.61 years) underwent the second surgery before valdecoxib was withdrawn from the market on April 7, 2005. However, the results of pain scores and analgesic intake for the 6 patients who dropped out of the study were closely similar to those for the subjects who finished it (data not shown).
No statistically significant difference in the mean duration of the two surgeries was observed (paired t-test; Table 1 ), which permitted a comparative assessment of the clinical efficacy of both NSAIDS studied.
According to the patients' evaluation on the visual analogue scale, the reported pain scores were low. No statistically significant difference in the analgesia promoted by the two medications occurred during the periods of observation (Wilcoxon test; Figure 1 ).
There was no statistically significant difference concerning the total amount of rescue analgesic medication (paracetamol) when the patients were treated either with valde- Table 1 ).
There was a similar mouth opening at the time of suture removal compared with the preoperative measures for each patient in both treatment groups (86.14 ± 4.36 and 93.12 ± 3.70% of the initial measure for valdecoxib and piroxicam, respectively; ANOVA; Table 1 ). Besides, no adverse reactions to either medication were observed.
Finally, there were no significant differences concerning the swelling observed on the 2nd postoperative day in comparison with baseline measures (6.15 ± 1.84 and 8.46 ± 2.04 mm for valdecoxib and piroxicam, respectively; ANOVA) or on the seventh postoperative day (1.69 ± 1.61 and 2.23 ± 2.09 mm for valdecoxib and piroxicam, respectively; ANOVA; Table 1 ).
Discussion
This study evaluated the clinical efficacy of multiple oral dose regimen of 40 mg valdecoxib and 20 mg piroxicam in patients after aggressive oral surgeries under local anesthesia. The patients were carefully selected in relation to position and bone impaction of both lower third molars, and only those presenting both teeth in a horizontal and totally intrabony position were included. This inclusion criterion reduced the chances of locating many subjects, because it represents a rare condition. Despite these difficulties, the total number of patients in our study is closely similar to that of other reports of lower third molar removal (5, 32) . The number of patients enrolled in our study, 19, is also justified by the fact that on April 7, 2005, valdecoxib was withdrawn from the market, at least in part, due to cardiovascular risk with chronic use and also serious skin conditions (33) . The patients who completed the study underwent both surgical procedures before this date.
Valdecoxib has been assessed in clinical studies of analgesic efficacy after third molar removal (13, (25) (26) (27) (28) (29) (30) . However, none of these studies used the surgical model employed in ours. Desjardins et al. (26, 27) evaluated patients who needed surgical removal of two ipsilateral impacted third molars. In other studies, all patients had undergone surgical extraction of 2 or more impacted third molars, one of which was mandibular (13, 29, 30) . Finally, other studies (25, 28) assessed patients requiring the removal of three or more third molars, of which at least two were impacted, and at least one was an impacted mandibular molar. Therefore, the lack of uniformity of the methodology employed in these studies impairs the comparison of our results with others.
Dose-response experiments demonstrated that oral 40 mg (13, 27) or parenteral (intravenous) 40 and 50 mg valdecoxib (26, 29) are effective doses for analgesic purposes in the removal of third molars. A multiple dose regimen was never adopted to test the clinical efficacy of valdecoxib after lower third molar removal. This approach seems more realistic from a clinical point of view than a single-dose regimen, since maximum facial swelling is expected to occur 48 h after the surgical procedure (34) , although it may increase on the third postoperative day (35) . Moreover, pain reaches a peak as the anesthetic wears off and the full inflammatory response to surgery evolves (27) , and may last for three to five days after the procedure (36) . The immediate intake of an analgesic drug is also favorable since waiting for a patient to report severe pain before prescribing an analgesic produces unnecessary suffering and might reduce the efficacy of any subsequent treatment (27) .
Low pain complaint was observed during both postoperative periods, either with (20) and Daniels et al. (13) . Thus, a multiple dose regimen with both NSAIDS provided a sustained level of analgesia over the evaluation period, with no statistically significant difference between the two drugs ( Figure 1) . The percentage of patients taking rescue medication was also very similar to that reported in another study assessing the clinical efficacy of valdecoxib, that is, about 32% (27) . These results confirm the analgesic efficacy of piroxicam and valdecoxib after lower third molar removal (13, (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) .
In the current study, we performed a further characterization of the clinical efficacy of both valdecoxib and piroxicam focusing not only on postoperative pain relief (13, (23) (24) (25) (26) (27) (28) (29) , but also on trismus and swelling control. Both drugs were equally effective for trismus control. The measurements of facial swelling found in the study of Üstün et al. (2) , who prescribed two different doses of a corticosteroid for swelling control, were very similar to ours both on the 2nd and 7th postoperative days (about 7 and 3 mm, respectively). Corticosteroids are well known as potent drugs widely used to decrease the swelling related to third molar surgery (2, 24) .
No clinically significant adverse reaction was observed in our study, confirming that valdecoxib (13, 25, 27) and piroxicam (20) (21) (22) are often well tolerated by patients with pain complaints after dental surgeries. It is widely known that COX-2 selective inhibitors are associated with decreased adverse gastrointestinal complications as compared with conventional NSAIDS. However, taking into account the short-term treatment with valdecoxib and piroxicam (4 days), both drugs were safe for our patients. Piroxicam requires more than 1 month to induce deleterious gastrointestinal side effects, with a maximum risk at 50 days (37) .
Although valdecoxib was withdrawn from the market, other coxibs are still commercially available: celecoxib, etoricoxib and lumiracoxib. These agents have shown good analgesic efficacy after third molar removal (4, (38) (39) (40) , hence it is important to continue with studies on the effect of COX-2 selective inhibitors in general. As pointed out by Hur et al. (18) , the current data suggest that coxibs carry different risk of cardiovascular events and that the risk may be dose related. The clinician's choice of a particular drug of this group at a lower dose may benefit an individual who has a relatively low cardiovascular risk but a high risk for gastrointestinal complications. Additionally, for patients who do not obtain proper pain control with a nonselective NSAID but find that coxibs are more effective, this added benefit should be considered along with the possible risks (18) .
Finally, the COX-2 selective inhibitor valdecoxib and the conventional NSAID piroxicam are equally effective and well tolerated by patients when administered in a multiple oral dose regimen for pain, trismus and swelling control after removal of horizontally and totally intrabony impacted lower third molars. Taking into account the high cost of COX-2 selective inhibitors (17, 18) , such as valdecoxib, in comparison with the conventional NSAIDS like piroxicam, our data support the suggestion that there are no sufficient clinical advantages for the prescription of valdecoxib after lower third molar removal.
